L7 = 2€2V (off-shell only)

ATLAS

Based on ZH->invs search
PRL 112 (2014) 201802

. EMUSS > 150 GeV

« 350 <my <1000 GeV

« b-jet veto

/

CMS

Based on high-mass analysis

Eur. Phys. J. C 73 (2013) 2469
EMUss > 80 GeV

- my > 180 GeV

/

Signal
enriched
< —_>
Obs 104 Exp 100 regions Obs 91 \Exp 93
N
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Combined (4¢ + 2¢2v) Limit on y°f—shell
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B _  K(gg—Z7Z)
Hoft-shell Ry = K(gg—H*—=Z7)
95% CL Observed Median expected | Alternative hypothesis
RE.105S 1.0 20|05 1.0 20| forclLs
Hoft-shell | 3.6 9.0 6.6 7.9 107 | RE. =1, torshen = 1
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Combined (4¢ + 2£2v) L|m|t on Width

SM

40

19.7 o (8 TeV) + 5.1 15" {TTeV

] —
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~_ 35 22v+aisai,,, combined [Jt20 . < L ooy a beerved
T - oomshel T P ] od v+ . observe
~ - Alternative hypothesis: Expected I|'m|.t (©Ls) ] ' i 2!2\'+4an . expected
c 30F TWTE=1, ty gu=151 —— Observed limit (CLs) | oo Fonhel P
o - - Combined ZZ observed
= C \s=8TeV: [Ldt=203 10" ] I Combined ZZ expected
£ 25F B -
3 : 6
O 20F - !
52 - ] !
& 15 - 4= _ ___95%cCL _|
100 = I
ot 3 2 /
5.__.. ..................... 7: i -".j. L g8%cL |
0:| | R B S A B c v b Ly |: 0_ - %) ‘."l;.‘:'-. A A i R
06 08 1 12 14 16 18 2 0 10 20 30 40 50 60
RB - _Klg—727) I'y (MeV)
T e CH < 5.4(8.0) obs(exp) 95% CL
— . .U) 0DS(eX 0
95% CL sM ¥
Observed Median expected | Alternative hypothesis
Rf,* 0.5 1.0 20105 1.0 2.0 | for CLs
Tp/TM 141 | 48] 60 50 58 72| RE = 1LTH/TM =1, popshen = 1.51
I"H/I"IS;]M 4.8 5.7 7.7 1 7.0 8.5 12.0 pr =1, TH/I"[S_‘,M =1, tonshen = 1
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Summary

e Direct limits on Higgs width I'y; < 2.4 GeV (95%
CL) well above SM expected ~4 MeV width

o Upper limit on off-shell Higgs production using

the ZZ — 4¢ and 2f2v channels

] At 95% CL, obs[exp]
off—shell —
u <5.6[6.6] =9.0[10.7] r o5 < gE. < 2)

o With assumptions on couplings, upper limit on
Higgs width

At 95% CL, obs[exp]
ATLAS Iy < 4.8[7.0] —7.7]12] - SM CMS Iy < 5.4[8.0] - SM
(For 0.5 < RE. < 2)

November 3th, 2014 Jonathan D. Long, U. Michigan 18

BSM-HW@LPC



Backup
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CMS Yields

Table 1: Expected and observed numbers of events in the 4¢ and 2¢2v channels in gg-enriched
regions, defined by my, > 330GeV and Dgg > 0.65 (4f), and by my> 350GeV and EF** >
100 GeV (2£2v). The numbers of expected events are given separately for the gg and VBF pro-
cesses, and for a SM Higgs boson (T'y = I'tM) and a Higgs boson width and squared product
of the couplings scaled by a factor 10 with respect to their SM values. The unphysical expected
contributions for the signal and background components are also reported separately, for the
gg and VBF processes. For both processes, the sum of the signal and background components
differs from the total due to the negative interferences. The quoted uncertainties include only

the systematic sources.

4¢ 202v
(a) Total gg (T'y = [}") 1.84+0.3 9.6=+15
gg Signal component (I'y = ITM) 1.3+0.2 47 £0.6
gg Background component 23+04 108=x17
(b) Total gg (I'y = 10 x T%M) 99412  39.8%52
(c) Total VBE (I'y = I'TM) 0.23+0.01 0.90£0.05
VBF signal component (I'y = I[FM)  0.1140.01 0.3240.02
VBF background component 0.35+0.02 1.2240.07
(d) Total VBE (I'y = 10 x IT") 0.77 £0.04 2.40+0.14
(e) qq background 9.3 10.7 47.6 +4.0
(f) Other backgrounds 0.05+0.02 35.1+4.2
(a+cte+f) Total expected (T = ') 11.44+0.8 93.2+6.0
(b+d+e+f) Total expected (I'y = 10 x I'M) 201+1.4 1249+738
Observed 11 91
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ATLAS Yields 4l

Process 220 GeV < may < 1000 GeV | 400 GeV < may < 1000 GeV

gg — H* — ZZ (8) 22405 1.1 0.3

gg — ZZ (B) 30.7 = 7.0 2.7+0.7

gg — (H® —=)ZZ 202+ 6.7 23+06

gg — (H* =)ZZ (pyishen = 10) 40.2 +£9.2 0.0£25

VBFH* — ZZ (S) 0.2 +00 0.1 £0.0

VBF ZZ (B) 2.2+0.1 0.7+ 0.0

VBF (H* —=)ZZ 2.0+0.1 0.6 0.0

VBF (H® —=)ZZ (uoft_shen = 10) 30+£02 1.4 +0.1

qgj — ZZ 168 + 13 21.3 £ 2.1

Reducible backgrounds 1.4 0.1 0.1 0.0

Total Expected (SM) 200+ 15 243+22
Observed 182 18

Table 1: Expected and observed number of events in the ZZ — 4¢ channel in the full off-peak region
(220 GeV < myy < 1000 GeV) and the cut-based analysis signal region (400 GeV < my, < 1000 GeV).
The reducible background includes contributions from the Z+jets and top quark processes. The expected
events for the gg — (H* —)ZZ and VBF (H® —)ZZ processes, including the Higgs boson signal,
background and interference, are reported for both the SM predictions and pog.4hen = 10. A relative
gg — ZZ background K-factor of RE.=1 is assumed. The uncertainties in the number of expected events
include the statistical uncertainties from MC samples and systematic uncertainties.
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ATLAS Yields 212v

Process ee L Total

gg — H* — ZZ (S) 2600308 | 2200207 | 48+x004+1.5
gg — ZZ (B) 48+006=14 | 4300513 02+08+£27
gg — (H* —)ZZ 3800511 | 35=2005+1.1 T4+0.1£22
gg — (H* =)ZZ(pog—shen = 10) | 187 £0.1 56 | 1600148 [ 347+02+104
VBF H* — ZZ (S) 03£005+£001 |02£005+£001 | 05+£007+0.02
VBF ZZ (B) 1.0+£0.1+£003 | 0.8+0.1+0.03 1.8+0.1+£0.1
VBF (H* —=)ZZ 08+0.1+£003 | 0.6£0.1£003 1.4+0.1+£0.1
VBF (H® =) ZZ(goti—shen = 10) | 2201009 | 1.6 0.1 £0.05 37+0.2+0.1
qg — ZZ 280£07+30 | 264+£06+28 | 544+£09+5.7
WZ 1050512 | 10660512 | 21.1£07+23
WW. i, Wr,and Z — 11 1.3=1.1+0.1 1.5+1.3 0.1 28+1.7+£02
Z — ee, uj 533+£26+2.1 43+24+19 06+35+40
Other backgrounds 1.5£05+£02 1.8+£06+02 33£08+04
Total Expected (SM) 51323050 | 488+£28+46 100£4+10
Observed 4 50 104

Table 2: The expected yields for signals and backgrounds, with statistical and systematic uncertainties,
in the H — ZZ — 2£2v channel corresponding to an integrated luminosity of 20.3 fb! at a collision
energy of /s = 8 TeV. The expected events for the gg — (H* —)ZZ and VBF (H* —)ZZ processes,
including the Higgs boson signal, background and interference, are reported for both the SM predictions
and pogshen = 10. A relative gg — ZZ background K-factor of Rﬁ_:] is assumed. The uncertainties
in the number of expected events are split into the statistical uncertainties from MC samples (or data
statistical uncertainties for data-driven background estimations) and systematic uncertainties.
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Uoff—shell Parameterization

MCyy—H*—)zz(Hoft-shell) = (KH(WZZ) * Hoff-shell — Kﬁ,(fﬁzz)' \XREI* ‘Pﬂﬂshell)'MCS;LHmzz (S)

H* B SM
+ Ky, (mzz)- \/RH* * Hoftshen - MC) Z, e 177 (SBI)
H* B B t
+ Kgg (Hizz) . (RH.k - \/RH"‘ : )uDﬂ'SheI]) : MC;';LZZ‘ (B)
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